INTRODUCTION
The Kekuknai massif is a complex geological struc ture that formed in the course of the multistage evolu tion of a fluid-magmatic system from the end of the Late Pliocene and during the entire Quaternary period. The long term volcanism and occurrence of contrast rock types in the massif provides a favorable situation for solving many problems of the relationships between volcanism and geodynamics.
In the first part of this paper [Koloskov et al, 2011] we presented a detailed description of the Kekuknai geological structure and data on the petrochemical, geochemical and isotopic composition of the massif rocks.
The Kekuknai massif was formed in the course of tectonic and magmatic activity that involved the gener ation of a shield shaped volcano and a caldera depres sion with associated emplacement of extrusions fol lowed by intense post caldera areal volcanism. On the basis of geochemical data, island arc and intraplate geochemical rock types were recognized in the massif; these types were reflections of a constructive and a sub sequent destructive stage of the region's development. The formation of the massif took place under the con ditions of an open system; therefore, the petrogenesis was dominated by the dynamics of the fluid phase, which was moderately affected by fractional crystalliza tion and hybridism.
In this, the second part of our study, we will try to determine how those processes were reflected in the mineral composition of the rocks and to approach the development of a general petrologic model.
Conventional petrographic examination of rocks was supplemented by studies of mineral compositions using the CAMEBAX X ray microanalyser at the Insti tute of Volcanology and Seismology at the Far East Branch of the Russian Academy of Sciences (the ordi nary accuracy of the analysis is about 0.1% for major components and 10% for minor concentrations). Since the rocks are mostly aphyric and sub aphyric varieties, Abstract-The Kekuknai massif was formed in the course of tectono-magmatic activity that involved the origin of a shield volcano and a caldera depression with associated emplacement of extrusions that terminated in intense post caldera areal volcanism. The mineralogical compositions of the massif's rocks have been con sidered in detail. The use of previously known and newly developed indicator properties of rock forming min erals allowed the reconstruction of the general picture of the magmatic melt evolution and conditions of rock crystallization (various fluid and water saturation levels, as well as the oxidation state of the system). Essen tially island arc or intraplate characteristics of the massif's rock compositions are found at different stages of development of a single fluid-magmatic system. Decompression evolution of the parent deep seated basani tic magma occurred via occurrence in intermediate magma chambers of daughter magmas of trachybasalt (pre caldera stage) or hawaiite (areal volcanism) composition. Subsequent emanate-magmatic differentia tion of these melts, combined with crystallization differentiation under changing P-Tconditions, resulted in the formation of the entire diversity of the Kekuknai rocks.
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2 O f studies were carried out, not in thin sections and pol ished sections only, but also in monomineral cartridges of artificial heavy concentrates with grains larger than 0.25 mm.
THE PETROGRAPHY AND MINERALOGY OF KEKUKNAI ROCKS Distribution of Rocks of Different Types, Petrologic and
Geochemical Associations In this paper the following rock associations are dis cussed (Fig. 1, Table 1 ).
I. A trachybasalt-trachydacite association, which reflects the rocks of the pre caldera edifice of the shield shaped volcano and extrusions of the caldera generation stage.
II. A trachybasalt association.
III. An andesite basalt association (cinder cones of the earlier stage of areal volcanism).
IV. A hawaiite-andesite basalt (mugearite) associa tion of the middle stage of areal volcanism.
V. A trachybasalt-hawaiite-andesite basalt (mug earite) association of the late stage of areal volcanism.
The rock compositions of these associations are dis played on several petrologic-geochemical diagrams as fields and figurative points (Fig. 2) . The most individu alized composition fields are those for associations I and IV (Fig. 2a) . Association I rocks are characterized by lower Nb concentrations and form a separate field with the trend of a direct correlation Nb-K relation ship, which is a typical feature of island arc (orogenic) volcanic rocks. Association IV rock compositions per fectly agree with so called intraplate volcanic rocks with high contents of high field strength elements and the absence of an Nb-K correlation. The three other asso ciations are intermediate between these two composi tions. It is of interest to understand how these geochem ical features are reflected in the corresponding petro graphic and mineralogical characteristics of rocks and in the manner in which they originated.
Textural and Petro Chemical Characteristics of Rocks
Generally, the rocks of the identified associations notably differ in textural appearance. The lavas of the shield shaped edifice and extrusion rocks are of series porphyric and thick fine porphyric textures, while the areal volcanic rocks are of sub aphyric and thin fine porphyric textures. Depending on the facies in question (neck, cinder, bomb, or lava) and the degree of rock crystallinity, a wide diversity of ground mass microtex tures is observed, from vitrophyric and hyalopilitic to pilotaxitic and microdoleritic. Considering the different degrees of rock crystallinity and the significant presence of sub aphyric varieties, one of the discrimination crite ria of volcanic rocks may be their normative composi tion and the difference between modal and normative compositions may indicate the crystallization condi tions (Table 1) . Further presentation of the data largely involves a comparison of the normative and modal compositions of rocks, as well as the correlation of the compositions of the Kekuknai minerals with some type associations. The latter is the result of studies of olivines [Volynets et al., 1975] and plagioclases [Volynets and Koloskov, 1976 ] from different rock types (largely calc alkaline and tholeiitic) of Quaternary basalts in Kam chatka and the Kuril Islands). In addition, the authors have access to huge analytical data on the compositions of rocks of the Pliocene Belogolovskii volcano, whose high alkalinity and wide range of silicic acidity classify it as belonging to the intraplate geochemical type [Voly nets, 1994] .
The presence of quartz in the normative composi tion (Table 1) is noted in all the rocks of high silicic acidity (beginning with andesite basalts), but a few grains of quartz were found only in some samples of tra chybasalts, mugearites, and hawaiites. Nepheline in normative compositions is absent from pre caldera rocks but is typical of areal hawaiites and trachybasalts. No feldspathoids are found in modal compositions.
In the calculated compositions, hypersthene occurs in almost all the rock varieties with the exception of hawaiites and trachybasalts in the neck (sample k53). Modal orthopyroxene is found in the rocks of the shield shaped volcano, trachyandesite of extrusions, in almost all varieties (except for trachybasalts and mugearites) of the early and middle stages, but is absent from all the rocks of the late stage of areal volcanism.
Normative olivine is a characteristic feature of areal type rocks. However, modal olivine is much more abun dant, occurring as well in andesite basalts of the areal type with no normative equivalent, although in different amounts.
Modal and normative plagioclase compositions dif fer sharply in all the rock varieties. This is the most acute problem in the justification of the nomenclature of hawaiites and mugearites (hawaiites are rocks with modal andesine and mugearites, with oligoclase). Now we consider the petrographic compositions of the major rock varieties of the massif.
Trachybasalts-trachyandesites of the shield shaped volcano edifice have a higher crystallinity: the fraction of phenocrysts and sub phenocrysts reaches 75 vol %. On the basis of phenocryst composition, the trachyba salts are feldspar dominated orthopyroxene-olivineclinopyroxene-plagioclase varieties. These rocks are characterized by the presence of titanomagnetite (Fig. 3) , which occurs in olivine and pyroxene phenoc rysts. The groundmass includes microlites of the same minerals, potassium-sodium feldspar and alkaline glass in the mesostasis. As the silicic acidity of rocks increases, the olivine content in basalts decreases as far (Fig. 4 , samples 144 and 141), which doesn't fit the general band of dependence for the earli est generations of olivine as functions of magnesian numbers of host rocks. On the MnO-Fo diagram ( Fig. 5a ) very few of the most magnesian generations occur in the field of the calc alkaline series and corre spond to the trend of normal crystallization differentia tion. For most compositions, the concentration of mag ganese in olivine increases as the magnesian number of olivines and the alkalinity and fluid saturation of rocks increase, with the concentration even exceeding that for the alkaline varieties of rocks on Belogolovskii Volcano.
Clinopyroxene is mostly augite with Mg # = 82-68 in trachybasalts (Fig. 6, samples 136, 141, 144, and 161) and Mg # = 76-74 in trachyandesite (Fig. 6 , sample k46), but this parameter doesn't correlate with the magnesian number of the host rock. The anomalous samples are 141 and 144, whose pyroxenes in terms of magnesian number are the same as olivines of the first generations before them. For clinopyroxenes (and especially for orthopyroxenes) a peak of MnO concen tration is noted independently of iron content in miner als (Fig. 5b) . The trend of the direct correlation TiO 2 -Al and TiO 2 -F/FM (Figs. 7a, 7b ) is complicated by a "cloud" of figurative points in some trachybasalts in the area of high TiO 2 (sample 141), i.e., in the same rock varieties with anomalous Mg numbers of olivines and pyroxenes. These deviations from the common trend of 4   65  60  55  50  45   2   3  3   2751  152 1   154  153  49071  155  49067  2627  49065  k43   49058   k57   k48  49061   147   k40  k38   49060   2602  2614  49051  158  49064   163  49055  138 k41   I   II   III   IV  49067   155   2614   2751 152 1   49065   49061  49057 k43 150   158   153  159   2607   154  k41 148  138  139  49064  k36 1  2602  k40   2608   2609  k53a   k48   49060   2627  49058  k57  49055 In terms of iron content (f 38.6-20 ) orthopyroxene is consistent with hypersthene. Its composition also doesn't correlate with the magnesian number of the rocks (Fig. 6 ).
The plagioclase composition varies from An 83 to An 8 in trachyandesites and from An 88 to An 8 in trachybasalts (Table 1 ). The maximum content of An in the mineral reaches the level of the compositions of the alkaline rocks that were erupted by Belogolovskii Volcano (Fig. 8a) .
Trachyandesites and trachydacites in the extrusions of caldera generation stage. The following petrographic varieties are recognized: more basic olivine bearing bipyroxene and pyroxene-hornblende trachyandesites; hornblende acid trachyandesites and biotite-horn blende trachydacite. All these varieties are of series por Areal trachybasalts are the most abundant at the early stage of post caldera volcanism (Fig. 1a , associa tion III). They are found in pyroclastics of cinder cones (samples 49057 and k50), lava flows (samples k57 and 49058), and necks (sample k53). The groundmass tex tures differ in correspondence with the facial affinity of rocks: from hyalopilitic with cryptocrystalline glass in cinders, pilotaxitic with crystallized micro grained feldspar matrix in interstices between fluidly arranged plagioclase and K-Na feldspar microlites in lava flows, to micro doleritic in the neck. The common set of phe nocrysts and sub phenocrysts includes olivine and cli nopyroxene; plagioclase is found in much lower amounts; in phenocrysts it is often absent. Orthopyrox ene occurs in trachybasalts of the neck only. In samples from cones and flows olivine (as well as clinopyroxene) contains inclusions of chrome-aluminous spinel and titanomagnetite; in the neck rocks it bears only titano magnetite inclusions (Fig. 2) . The groundmass basis contains K feldspar. It is significant that areal trachyba salts contain K feldspars mostly not in granophyric aggregates of interstitial space as in hawaiites, but rather MnO (wt %)
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amphibole andesite basalt of cinder cones; (e)-(f) the middle stage of areal volcanism: (7-9) hawaiites: amphibole less (7), amphibole (8), in the zone of amphibole disintegration (9), (10) mugearites, (11) andesite basalts; (g)-(h) the late stage of areal vol canism: (12) trachybasalts, (13) mugearites, (14) andesite basalts (sample k51). The filled field represents compositions of olivines of trachybasalt associations of the early stage of areal volcanism, unfilled area is for rocks of various regions from [Volynets et al., 1975] . Solid line separates extreme MnO contents in olivines of alkaline rocks of Belogolovskii volcano (see explanations in the text).
it composes a considerable portion of the feldspar micr olites.
In general, the olivine composition in trachyba salts varies from Fo 86 to Fo 56 (Table 1 ) and doesn't correlate with the Mg number of the host rocks. In flows (sample 49058, k57) they have the highest Mg number with a wide range of compositional varia tion ). Here, a well expressed negative FoMnO correlation is observed ( Fig. 5c ) with a low level of MnO accumulation, which corresponds to the rela tively low total alkalinity of these rocks (Fig. 2d ). The level of variation for the relevant characteristics is high lighted as a separate field to be compared with the other compositions. The most crystallized and fluid saturated neck rocks (sample k53) have olivine compositions that vary in a narrow range (Fo 71-67 ) but they have remark ably high MnO concentrations (Fig. 5b) . The cone tra chybasalts (sample k50) have a narrower range of oliv ine compositional variation (Fo 81-66 ), although the MnO content is also high.
Clinopyroxenes (corresponding to salite augite in composition) from trachybasalts of the cone, flow, and neck have similar magnesian numbers (Mg # = 84-66), while their first generations correspond to the Mg num ber of olivines (Fig. 6 , samples k50, 49058, k53) from the same samples. It is worth noting that clinopyroxenes from the cone trachybasalts for most of the composi tions are more aluminous (Fig. 7c , sample k50) and those from the neck trachybasalts have higher titanium contents ( Fig. 7c , sample k53). The average level of the An content in the earlier generations of plagioclase is slightly below the boundary of alkaline rocks of Bel ogolovskii volcano; this is especially true for the neck (Fig. 8b) , which corresponds to the low total alkalinity of analyzed trachybasalts (Fig. 2d) .
Andesite basalts of cinder cones. Here, we consider the intermediate group of andesite basalts (group II on Nb-K diagram, Fig. 2a ), which were identified as belonging to the early stage of areal volcanism, although a large part of the rocks of this type occur in associations of the middle and late stages.
These are sparsely fine porphyritic rocks with phe nocryst below 6 vol % and less than 1 mm across. The groundmass microtexture is hyalopilitic or hyalopilo taxitic. Glomeroporphyric aggregates 3 mm across are found; fine grained segregations of olivine pyroxenites are characteristic and sometimes the microtexture con (3) neck (sample k53), (4) cinder a cinder cone (sample k50), (5) flows (samples 49058, k57), (6) amphibole andesite basalts of cinder cones; (7-10) the middle stage of areal volcanism: (7-9) hawaiites: amphibole less (7), amphibole (8), in the zone of amphibole disintegration (9), (10) tains plagioclase. Plagioclase, clinopyroxene, olivine, and orthopyroxene occur in phenocrysts and sub phe nocrysts; relic pargasite or products of its disintegration are always observed. This disintegrated amphibole (apo amphibole) ( Fig. 9c ) is an amphibole crystal that completely decomposed to form a fine grained polym ineral aggregate: amphibole + plagioclase + titanomag netite + clino and orthopyroxene + glass. The pres ence of this aggregate attests to the increasing disequi librium of amphibole with melt; its disintegration is possibly connected to an increase of the oxidation potential of oxygen due to the changed thermodynamic conditions of crystallization. The groundmass contains plagioclase, clinopyroxene, and magnetite microlites, usually olivine, and rarely alkaline feldspar. The glass is usually cryptocrystalline, overfilled with crystallites, rarely fresh and brownish.
The maximum Mg number of olivine from andesite basalts: Fo 81-78 is higher than the same characteristic in basalts with the highest Mg numbers in the edifice: Fo 78-75 at practically the same Mg numbers in host rocks (Fig. 4 , samples 157 and 161) but also the same as in "anomalous" sub liquidus olivine from trachybasalt of the shield shaped volcano (Fig. 4, sample 144) . The same may be claimed in relation to clinopyroxenes, although the range of compositional variation of this mineral in andesite basalt is much broader (Table 1, Fig. 6 ). Both the olivines and clinopyroxenes of this rock group are characterized by high MnO contents ( Fig. 5c and 5d ). Clinopyroxenes of andesite basalts and trachybasalts are similar in their concentrations of TiO 2 and Al, but the former differ in a higher Fe content (Fig. 7d) . Olivine (sample 157, Fo 80 ) was found to con tain an inclusion of high aluminous (Al 2 O 3 = 12.0) and high titanium (TiO 2 = 1.8) clinopyroxene, along with a melt inclusion of complex compositions that consist of andesite glass + high aluminous (Al 2 O 3 = 16.9-19.7) and high titanium (TiO 2 = 1.9-2.2) clinopyroxene.
The basicity of plagioclases from andesite basalts varies: An 89-32 (Table 1) . These are the most anomalous compositions compared to those calculated (Fig. 8, samples 147, 157, 2621) . Along with fresh bytownite, reverse zoning plagioclase phenocrysts with acid sponge nuclei and inversion zones overfilled by glassy microinclusions are sometimes observed.
Hawaiites are the dominant rock type of the middle stage of areal volcanism (Fig. 2a, field IV) , although some scattered compositions of this type are also observed at the late stage.
Usually, these are sub aphyric or rarely fine porphy ritic rocks. Relatively large phenocrysts are not numer ous. The fraction of phenocrysts (up to 1.5-2 mm across) is not more than 5-6 vol %. The groundmass textures are diverse and depend on the facial affinity of the rock. (1-8) the same as in Fig. 5 ; (9) mugearites, (10) andesite basalts; (11-13) the late stage of areal volcan ism; (11) trachybasalts, (12) mugearites, (13) andesite basalts (sample k51). The stippled background marks the fields of plagioclase phenocrysts from Quaternary volcanic rocks of the calcalka line series of Kamchatka, after [Volynets and Koloskov, 1976] . The solid lines enclose the compositions of the alkali basaltoids of the Belogolovskii volcano. For explanations, see the text. The plagioclase compositions are given in An molecule content (%).
Microdoleritic, intersertal, pilotaxitic, fluidal, and hyalopilitic microtextures are observed. The first are found in rocks from dykes and flows; the last is typical of cinder and bombs.
In quantitative terms, olivine dominates among phenocrysts and sub phenocrysts, clinopyroxene, and plagioclase are much less abundant. Phenocrysts of opacitized (sometimes dissociated) amphibole (par gasite) (Fig. 9a, b, d ) also occur. Zonal amphibole phe nocrysts with an opacite rim were discovered in chilled microporous pyroclastics of semi destroyed cones (sample 49066, 49067). Shadow forms of hornblende dissociation are found in hawaiites of the neck and the dyke (samples 156, 155). Rocks from dykes and necks also have other distinguishing features. They typically involve increasing Fe content in marginal zones of rela tively large phenocrysts of olivine and clinopyroxene, the presence of olivines resorbed by groundmass, higher crystallinity due to a significant quantity of sub phe nocrysts, and the occurrence of various glomeporhyritic aggregates and inhomogeneities (microinclusions of olivine dolerites and olivine pyroxenites). There are also xenocrysts of acid plagioclase with inversion zones overfilled with apo glassy microinclusions (sample 156), as well as xenocrysts of olivine with hypersthene rims and of quartz in the pyroxene fringe. The early crystallization of aluminous spinel typically occurs in hawaiites (Figs. 3 and 9b) . Spinels with the highest alumina content were found in magnesian oliv ines ) from the neck and the dyke (Fig. 4 , sam ples 155 and 150). The groundmass contains magnetite.
Olivines of amphibole less hawaiites and areal tra chybasalts are close in Mg number and lie in the field of the Fo-MnO correlative dependence. However, olivine from amphibole hawaiites deviates notably to a higher Mn content, even in magnesian compositions, overlap ping the boundary of the same mineral from the alkaline rocks of Belogolovskii volcano (Figs. 5c, 5e) . Olivines that originated from the disintegration of amphibole 
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Note: *, calculated using the technique of [Zinov'ev; 1964] ; Ol-olivine; cPx-clinopyroxene; oPx-orthopyroxene; Pl-plagioclase; An-anorthite; Sp-spinel; Mt-magnetite; Am-amphibole; (apoAm)-apoamphibole (relic association due to amphibole disintegration); Bt-biotite; Gl-glass; calculated components: Q-quartz; Ne-nepheline; Hy-hypersthene; Ol-olivine. (Figs. 5d and 5f ). Clinopyroxenes of amphibole hawaiites, in contrast to amphibole less varieties, are characterized by notable enrichment in Al and TiO 2 (Figs. 7e and 7f) . High Ti content sometimes correlates with high concentrations of this element in host rock. But some moderately Ti containing hawaiites (with phenocrysts of Ti amphibole) may also contain cli nopyroxenes with especially high TiO 2 contents. Pla gioclases from hawaiites typically have substantially lower normative compositions, although their sub liq uidus generations are rich in anorthite molecules (Fig. 8c) . At least three generations of plagioclase from the neck are identified (Fig. 8c, sample 155) .
Mugearites are abundant to the same extent both at the middle and the late stages of areal volcanism (Fig. 2a , fields IV-V). Therefore they are described jointly. They differ from hawaiites, first of all by the fact that their normative composition does not contain nepheline and hypersthene appears, although no modal orthopyroxene is found. The rocks are usually sub aph yric; fine-sparsely porphyritic varieties are encoun tered. Groundmass textures are series porphyritic, microdoleritic, and pilotaxitic. Sub phenocrysts are dominated by plagioclase, but olivine and clinopy roxenes are also noted. Microlites of olivine, clinopy roxene, plagioclase, titanomagnetite and of alkali feld spar occur in the groundmass; K feldspar is present in the basis. Crystallization of mugearite minerals took place in paragenesis with magnetite, although one of the samples of the late stage (sample k36/1) was found to contain inclusions of chrome-aluminous spinel in olivine. In spite of the fact that the range of composi tional variation (Fo) in olivines from mugearites, hawaiites, and trachybasalts is largely the same, the first ones are very similar to olivines from the trachybasalts of the pre caldera edifice (Figs. 4, 5a , 5e, 5g) (Figs. 10a,  10e, 10g ), viz., maximum ferruginous compositions, maximal enrichment in MnO, and low CaO content in the area of ferruginous generations. The same may be noted with respect to clinopyroxenes: in general they are more ferruginous, with higher MnO contents and lower TiO 2 , differing from pyroxenes of trachybasalts and hawaiites but approaching the mineral composi tions of trachybasalts in the edifice (Figs. 4, 5b, 5f , 5h, 7b, 7f, 7h). Some mugearites of the late stage are char acterized by anomalously magnesian generations of pyroxene (Fig. 6, samples 158, 159 ). But such magne sian pyroxenes (as well as olivines) are also observed in andesite basalts of this stage (Mount Chernaya). The causes of these deviations will be considered later when the results are discussed.
The normative compositions of plagioclases from mugearites are consistent with andesines, but their modal compositions are remarkable for much higher An contents. It is of interest that similar deviations are also observed in mugearite samples of the late stage and in andesite basalts of Mount Chernaya (Fig. 8c and 8d) .
Andesite basalts of the hawaiite-mugearite associa tion of the middle stage of areal volcanism. The rock textures are sub aphyric, rarely low porphyritic. Rela tively big phenocrysts, as large as 1.5 mm across, are sparse (not more than 3-5 vol %). They are composed of olivine, clinopyroxene, more rarely orthopyroxenes; plagioclase is more common and dominates in small sub phenocrysts. Pyroxenes sometimes overgrow around olivine grains and form aggregates between themselves. The necks (sample 139) have a large frac tion (up to 40 vol %) of sub phenocrysts less 0.5 mm across. The groundmass of andesite basalts in the neck (sample 139) usually displays a hyalopilitic microtex ture and consists of microlites of plagioclase, orthopy roxene, clinopyroxene, olivine and cryptocrystalline glass saturated with ore dust. Flows (samples 148, 138) contain pilotaxitic and tholeiitic (microdoleritic with minor amounts of glass) microtextures and similar sets of microlites with microgranular feldspar interstitial fill.
Chrome-aluminum spinel (Figs. 3, 4 , 6) occurs in magnesian orthopyroxene (Mg # = 82.4) of the neck (sample 139) and olivines (Fo 69-66 and Fo 81-79 ) of flows (samples 148, k47). In cases of more ferruginous com positions, the crystallization of minerals takes place in paragenesis with titanomagnetite. In the center of cli nopyroxene crystals from a crushed sample from lava flow rock (sample 138) and from a cinder cone (sample 49064) there is a locality whose composition is consistent with hornblende.
Compared with hawaiites and areal trachybasalts, the composition of olivines of the early stages is less magnesian (Fo 82 against Fo 85-86 ). It is of interest to note that the neck olivines (Fig. 4, sample 139) show a nar rower compositional range (Fo 72-62 against Fo 82-62 for andesite basalts as a whole) and in this parameter are inferior to orthopyroxene (Mg # = 84-82) (Fig. 6, sam  ple 139) .
In terms of the Fo-MnO ratio (Fig. 5e ) most oliv ines from andesite basalts continue the clearly expressed correlative trend of hawaiites-andesite basalts that do not contain amphibole. The points of compositions of amphibole hawaiites and mugearites form an independent field with high MnO concentra tions that extend beyond the boundaries of the olivine compositions in the alkaline rocks of Belogolovskii vol cano. Clinopyroxenes from both andesite basalts and mugearites are rich in MnO (Fig. 5f ), much more so than the same mineral in rocks of the same name in the early stages (Figs. 5b, 5d ). In terms of the TiO 2 -F/FM ratio ( Fig. 7f) clinopyroxenes from andesite basalts occur in the same field with points for the same mineral from amphibole less, relatively less titaniferous, hawai ites. Both of them are characterized by low alumina content in this mineral (Fig. 7e) . The compositions of orthopyroxenes correspond to hypersthene with a con tent of ferrosilite minal of 18-34%. The points of the plagioclase modal compositions lie largely in the field of this mineral sampled from alkaline rocks of Bel ogolovskii volcano, except for the compositions from amphibole bearing andesite basalt (sample 49064) with values of An 86-84 (Fig. 8) .
To sum up, mineral compositions in different rock types and age groups differ considerably, but necks and dykes usually stand out of the general pattern. This is explained by the fact that necks are conduits of fluid currents and dykes are remarkable for their advanced crystallization processes, which was already mentioned in the first part of the paper. This is why these phenom ena are sometimes considered separately in a group of rocks of similar compositions.
The mineralogical differences are due on one hand to peculiarities of the rock compositions themselves, primarily their alkalinity (position of upper boundary of fields in diagrams of olivine and plagioclase composi tions), and to a lesser extent, to Mg number and Ti con tent (for example, high titanium hawaiites contain cli nopyroxenes with higher TiO 2 concentrations).
On the other hand, one may state that increased concentrations of MnO with lower CaO contents in olivines may be considered as an indication of high oxy gen fugacity, while the high contents of both MnO and CaO in olivines along with the high Mg numbers of mafic minerals and high concentrations of An molecule contents in plagioclase may result from high water satu ration of the melts.
DISCUSSION OF THE RESULTS

The Mineral Compositions of Volcanic Rocks as an Indication of their Generation Conditions
(Some General Theses) The temperature dependence of varying mineral compositions in magmatic rocks is most often applied for the identification of crystallization differentiation trends in the respective melts. We will estimate this fac tor in the first instance during a subsequent analysis of the data. The existing conception on the significant barophilic character of spinels (especially their high alumina varieties) compared with titanomagnetites allows one to distinguish associations whose crystalline phases begin to appear at different depths (Fig. 3a ) [Koloskov et al., 2001] . On the other hand, the appear ance of titanomagnetites indicates a shallow depth and substantially oxidation environment of rock generation; as well, the generation of spinels testifies to highly reducing conditions. As seen in Fig. 3 , at values of F/FM > 80 a sharp increase of oxidation degree takes place in a large group of titanomagnetites. It is a signif icant fact that the same compositions show the same sharp increase in MnO and TiO 2 contents. It may be supposed that a similar dependence can be seen in the composition of other minerals (for MnO in olivines, for MnO and TiO 2 in clinopyroxenes) as a consequence of higher oxygen fugacity. The early and abundant crystal lization of titanomagnetites as well as ferruginous and Ti rich amphiboles disrupts the general balance of com positions toward a decreasing iron content (FeO, first of all) in coexisting minerals, which may express itself in higher Mg numbers and in FeO-MnO isomorphic replacement. This suggests that high Mg numbers and Mn content in olivines or pyroxenes may indicate the crystallization of minerals in a water saturated and oxi dizing environment. Similar conclusions were drawn from an analysis of conditions of pyroxene generation in acid volcanic rocks of the Uzon-Geyzer area of Kamchatka [Grib, 1997] . High oxygen fugacity and early crystallization of titanomagnetites may also be responsible for reverse zoning in the character of the Fe-Mg ratio in silicates at lower temperatures [Mar tynov and Chubarov, 1982] . There is also some experi mental evidence [Speidel and Nofriger, 1968] for rising MgO content in olivine in paragenesis with magnetite with increasing and decreasing temperature. On the basis of experimental data the concept was formed [Ringwood, 1975] that in the case of high water content in andesite magma melts, more calcic plagio clases crystallize compared with crystallization in anhy drous conditions. According to [Freely and Dungan, 1996; Panjasawatwong et al., 1995] , the content of the anorthite component in plagioclase is determined by bulk rock chemistry and water concentration in the melt. Therefore, the anomalous excess of the modal composition of plagioclase over the normative one (with moderate alkalinity and no evidence for melt mix ing) may be interpreted as a high water saturation of the melts. This discrepancy of plagioclase compositions may also disturb the total balance of the components, creating a deficit of CaO and Al 2 O 3 , but an excess of SiO 2, and result in a situation in which coexisting oliv ines will be depleted in CaO and, jointly with low cal cium and low aluminous clinopyroxenes, orthopy roxenes will crystallize. In combination with other known indicators (the presence of amphibole or traces of its dissociation), these features may also be used to judge the high water content in a magma melt.
Conditions of the Formation of Rock Associations
in the Massif Thus, the Kekuknai massif consists of five uneven aged rock associations. Their petrologic and geochemi cal characteristics are shown in Fig. 2 and major miner alogical features in Tables 1-4 and in Figs. 3-8 and 10 . Here, we carry out their comparative analysis.
1. The island arc (orogenic) (by geochemical char acteristics) trachybasalt-trachydacite association of the shield shaped volcano and extrusions (Fig. 2, field I ) was formed in conditions of high oxidation potential 2 O ƒ and, probably, high water saturation of melts, although amphibole in the form of sub phenocrysts is noted only in some extrusive trachyandesites and trachydacites. Inclusions of titanomagnetites occur in the earliest gen erations of olivines and pyroxenes from the trachyba salts of the edifice accompanying all the stages of rock crystallization (Figs. 3, 4, 6 ). The overwhelming major ity of titanomagnetites are noted for their high degree of iron oxidation and higher MnO and TiO 2 contents (Fig. 3) . Olivines and pyroxenes with anomalously high Mg numbers are found in more ferruginous (in bulk rock chemistry) trachybasalts (Figs. 4 and 6 , as well as samples 141 and 144 compared to samples 136 and 161). In addition, most olivines are rich in MnO and its concentration rapidly increases with increasing iron content in the mineral. A peak of enrichment in this component is also noted in clinopyroxenes (Figs. 5a,  5b) . Plagioclases in some trachybasalts (Fig. 8 , samples 144, 136) are very rich in the anorthite com ponent, causing a deficit of CaO and this is expressed in lower alumina presence in clinopyroxenes of some microlites (Fig. 7a) , low CaO in ferruginous olivines, and a wide occurrence of orthopyroxenes (Figs. 10a,  10b) .
2. The intermediate in geochemical features trachy basalt association of the early stage of areal volcanism has a vertical Nb-K ratio trend (Fig. 2, field II) . The lower part of this trend (the neck trachybasalt, sample k53a) is very close to the trachybasalts of the pre caldera edifice in composition and generation conditions, but volcanic rocks of the upper part of the trend (samples k57 and 4958 of the flow of Zarosshii cinder cone) are intermediate in composition between the trachybasalts of the edifice and areal hawaiites. Volatile components (including water) and high oxygen fugacity supposedly played a large role only in the formation of the neck tra chybasalts (titanomagnetite control and MnO and CaO anomalies in olivines). For the rest of the trachybasalts one obviously had reducing conditions (control of chrome aluminum spinel at low MnO contents in this mineral and in clinopyroxene, good Fo-MnO and CaO-Fo correlations in olivine). The absence of amphibole and traces of its disintegration indicate the relative dryness of original melts. Rocks of the Zarosshii cone display an absence of melt fractionation: while the Mg number of olivine has an extremely wide range ) in trachybasalts of the flow; the total composi tion of the cone rocks and of the flow from it are practi cally the same.
3. The intermediate in composition association of amphibole andesite basalts of the cinder cones of the early stage of areal volcanism possesses a similar nearly vertical trend of the Nb-K ratio (Fig. 2a, field III) , which in its upper part seems to continue in the andes ite basalt compositions (samples k41 and 138) of the hawaiite-mugearite association (IV) with some shift in K, and in the lower part turns toward the field of the tra chybasalt-trachydacite association. In composition, textural characteristics, and crystallization conditions, the andesite basalts of both groups (association III and I) are similar: titanomagnetite control, presence of amphibole or structures of its disintegration, a high content of MnO in olivines and clinopyroxenes com bined with similar Mg numbers at the same levels (Figs. 5a, 5c, 5b, 5d) , a negative CaO anomaly in oliv ines (Figs. 10a, c) and high plagioclase basicity (Fig. 8,  samples 147, 157 ). All this is evidence of high level of water saturation and oxidation conditions of the melts.
4. The hawaiite-mugearite (andesite basalt) associa tion of the middle stage of areal volcanism (intraplate in its geochemical features) was essentially formed from melts with high concentrations of melt and fluid mobile components, which started to crystallize in con ditions of spinel-olivine equilibrium at a low oxygen fugacity. In the course of melt evolution, the concentra tions of some elements change substantially and the degree of water saturation and oxidation increases. Two rock series develop: (1) hawaiite-andesite basalt and (2) hawaiite-mugearite.
The first one is characterized by a sub vertical Nb-K decompression trend with low water content and low oxygen fugacity at the trend's beginning, but this takes place with increasing parameters at the transition to andesite basalts ( Fig. 2a, IV; Fig. 2b-2d) (hawaiites, samples 155, 2614, 49055, and 150; andesite basalts, samples k47, k41, 148, 49064, 139, and 138) as the Nb concentration decreases and the silicic acidity of the rocks increases. Crystallization of melts of this asso ciation commenced under the control of high alumina spinel and continued with a decreasing alumina content in this mineral ( → → → → ). Rocks of this group do not contain amphibole, except in shadow forms of hornblende disintegration in one of the necks (sample 155) and finds of small grains of this mineral (in aggregates with clinopyroxene and K feldspar) in andesite basalts (samples 49064, 138).
The hawaiite-mugearite series is characterized by a correlative Nb-K ratio trend (Fig. 2a, field IV; Fig. 2b d, hawaiite, sample 49067, mugearites, samples 2751, 152 1, 153, 154) during increasing Nb concentration and rising SiO 2 of rocks, pseudo fractionation with high water presence and high oxygen fugacity from the first stages of rock crystallization. Rocks of this series are normally characterized by an early spinel-aluminum control with the presence of phenocrysts of amphibole in hawaiites and transition to titanomagnetite paragen eses with amphibole in mugearites.
These two series are clearly discriminated by the Mn-Fo ratio (Fig. 5e) and CaO-Fo in olivines (Fig. 10e) . In addition, clinopyroxenes from andesite Note: t an-trachyandesite; hw-hawaiite; mg-mugearite; tb-trachybasalt; 4, 7, 8, 10, 11, 13, 17-22, 24, in olivine; 3, 5, 9, 23, in clinopyroxene; 15, in Note: t an-trachyandesite; hw-hawaiite; mg-mugearite; tb-trachybasalt; a-b, andesite basalt; 8, 15, 19-21, phenocrysts; 1-4, 6, 9, 10-13, 24, subphenocrysts; 5, 7, 14, 16, 18, 22, 23, microlites. 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.06 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.32 0.19 0.00 0.00 0.00 0.00 -3, 5, 7, 10, 14, 16, 17, phenocrysts; 6, 8, 15, 19, 24, subphenocrysts; 4, 9, 13, inclusions 3, 5, 6, 13, 16, phenocrysts; 7-12, 17-24, subphenocrysts; 2, 4, 14, 15 , micr olites; content (%) of molecule in plagioclase: Ort-orthoclase, Alb-albite, An-anorthite.
basalts (in contrast to mugearites) on the TiO 2 -F/FM ratio are situated in the field of relatively low Ti hawai ites that do not contain amphibole (Fig. 7f) . Compari son of amphibole hawaiites and mugearites on the basis of the ratio of these elements is difficult because of sharp differences in the TiO 2 content in the host rocks. Water saturated anomalous mugearites also differ in having sharply higher anorthite molecules in plagioclase relative to the normative composition (Fig. 8c, sample 154) . 5. The Trachybasalt-hawaiite-mugearite associa tion of the late stage areal volcanism is observable spo radically (Fig. 2, field V) . Some trachybasalts plot in the field of the same type of rocks in the intermediate asso ciation (field II) and are very similar to them both in composition and generation conditions. Several analy ses are situated in the intermediate position between the fields II and IV. Hawaiites and mugearites completely occupy the field of rocks of the same name in the intra plate association (field IV) and also are very similar in many parameters to volcanic rocks of this type. In gen eral, rocks of this association are characterized by the absence of amphibole and orthopyroxene and by con trol of the early aluminous spinel, which in the course of differentiation gives place to titanomagnetites. This attests to the relative dryness of the original melts and low oxygen fugacity.
Here, we may also distinguish two rock series with two differentiation trends that correlate according to the Nb-K ratio (Fig. 2a) , but are differently directed: (1) hawaiite-trachybasalt (Fig. 2b-d , hawaiites: sam ples 2627, k43; trachybasalts: samples 49060, 49061; basalt, sample k48) while increasing Nb and SiO 2 of rocks, and (2) trachyandesite basalt-mugearite (Fig. 2b-d, andesite basalt 49055; mugearites: 163, 158, 159, 49051, k36 1, 2602) as the content of Nb and SiO 2 decreases and (2) the trachyandesitebasaltmugearite association (Fig. 2b-2c, andesite basalt 49055; mugearites: 163, 158, 159, 49051, k36 1, 2602) as the contents of Nb and SiO 2 increase.
The first trend is a decompressional one judging by the decreasing concentrations of Nb and Ta and the second is pseudo fractional similar to that in associa tion IV.
Moderate enrichment in manganese of olivines and low MnO contents in clinopyroxenes (Fig. 5g, 5h ) are observed in most trachybasalts and all andesite basalts of the first series. In this regard they are similar to tra chybasalts of the early stage and hawaiites and andesite basalts of the middle stage of areal volcanism, which were generated with low oxygen fugacity. Olivines from mugearites are more ferruginous and, in high MnO and low CaO (Figs. 5g and 10g ), correspond to oxidizing conditions of formation, the same as for the mugearites of the middle stage. Anomalously high magnesian num bers in clinopyroxenes of some mugearites and andes ite basalts of Mount Chernaya are also noted (Fig. 6, samples 159, 158, k51) . For the former, the numbers significantly exceed those of the early olivines (in the same samples) and are higher than in clinopyroxenes from the mugearites of the middle stage.
Andesite basalts of Mount Chernaya are character ized by higher basicity of the early plagioclase genera tions (Fig. 8d, sample k51) , which is accompanied by low CaO contents in coexisting clinopyroxenes (Fig. 10h) . The TiO 2 -SiO 2 ratio (Fig. 2c) shows that with a somewhat higher Ti content (corresponding to high Nb contents), the andesite basalts of Mount Cher naya (samples 2607, 2608, 2609) and "anomalous" mugearites (samples 158, 159) are significantly enriched in silica, and mugearites are also rich in alka lies (Fig. 2d) , which "throws" them away from the line of the differentiation trend of the respective rock groups. This circumstance, along with abundant gab broid xenolith material that occurs in the Chernaya rocks, is good evidence of the large role of hybrid rock varieties during this stage, which was already mentioned in the first part of the paper [Koloskov et al., 2011] .
Hypothetical Petrologic Model for the Generation of the Kekuknai massif and Magma Petrogenesis
In the course of Kekuknai massif evolution island arc volcanism gave way to intraplate volcanism. These two types of volcanism are usually considered as being opposed to each other because they are supposed to have different sources and mechanisms of formation. The first type is associated with subduction processes [Volynets et al., 2010] and the second one, directly or indirectly, with the evolution of mantle plumes [Voly nets, 1994] . None the less there are papers that under line the genetic affinity of these formations [Koloskov et al., 2001; Koloskov, 2006] .
According to results of our studies, the most sub stantial differences in the character of discrete (in time) stages of volcanic activity, as well as in the petrology and geochemistry of its products are observed for rocks of the pre caldera shield shaped volcano on one side and post caldera areal events on the other side. On the whole, on the background of wide compositional varia tions of the massif, one observes a persistent linear char acter of correlative trends of major, trace, and rare earth elements in the trachybasalt-trachydacite and hawai ite-mugearite associations. We believe that the major role in the formation of the Kekuknai massif was played by magmas of trachybasalt and hawaiite types with characteristic features of island arc and intraplate geochemical types; these magmas were supplied from (intermediate) magma chambers at different depths that directly feed the central type volcano and the areal zone. The interaction of these melts is not excluded.
However, the similarity of the isotopic characteris tics of different rocks types from the massif [Koloskov et al., 2011] attests to a common mantle source and sug gests considering them in a common fluid-magmatic system. Indeed, an analysis of staging and compositions of individual fragments (associations) of the Kekuknai massif (Fig. 2) demonstrates that they complement each other well, such that end members of one series continue in the initial compositions of another series.
On the whole, a petrologic model of the massif for mation may be represented as a system of trends (Fig. 11) . The decompressional hawaiite-andesite basalt trend of the middle stage of areal volcanism (association IV) continues into the field of andesite basalt cinder cones (Fig. 11, I ), which differ only in the higher water saturation and oxidation degree of the rel evant melts. On the other hand, the same trend, or rather its hawaiite component, may also be extended toward the trachybasalts of the early stage of areal volca nism (Fig. 11, 2 ) because some hawaiites (by the TiO 2 -SiO 2 ratio) already deviate in that direction (Fig. 2c) and less differentiated varieties of these rocks are inter mediate between trachybasalts and hawaiites. As well, crystallization of these "extreme" trachybasalts (the upper part of trend 2) began during control of Cr-Al spinel (Al 2 O 3 = 27-29 %) and only in the case of the most fluid saturated trachybasalts of the neck (lower part of trend 2) (sample k53) does the crystallization take place in conditions of magnetite control. Similar directivity is observed in the hawaiite-trachybasalt trend of the late stage of areal volcanism (Fig. 11,  trend 3] . Therefore, the areal volcanic rocks have a common decompressional trend, which in its initial part is consistent with hawaiites and then branches off toward water saturated andesite basalts (Fig. 11 , trend 1]) on one side, or toward trachybasalts that are undersaturated with respect to the fluid phase and espe cially the aqueous phase (Fig. 11, trends 2-3) on the other side. A common pattern exists: gradual transition from deeper intraplate rock types to shallower island arc ones is accompanied by successively decreasing concentrations of indicator high field strength ele ments (Nb, Ta, Zr, and Hf), La/Yb ratio, total alkalin ity (see Fig. 11d ) [Koloskov et al., 2011] and increasing oxygen fugacity and deoxidation of melts when this is connected with greater water saturation of the system or increasing basicity, when the evolution occurs under conditions of low fluid and water saturation. A succes sive change of paragenesis of sub liquidus crystalliza tion is observed: AlSp + Ol → CrAlSp ± Ol ± cPx ± oPx → Hb + mt ± Ol ± cPx ± oPx + Pl, либо CrAlSp ± Ol + cPx + Pl ± mtt.
During the evolution of the fluid-magmatic system under discussion, in addition to decompression trends a number of other trends of fractional directivity exist (Figs. 11a-11c ). They have a common characteristic feature: as SiO 2 content and alkalinity grow, the con centration of high field strength (Nb, Ta, Zr, and Hf) and some fluid mobile elements (Rb, Ba, Th, U, Pb) increase, the La/Yb ratio rises, and the TiO 2 content decreases somewhat. It is significant that titanium behaves in the opposite way compared to other high field strength elements. The mineralogical composition of the rocks that form these trends indicates that they were formed under conditions of high water saturation of the system and high oxygen fugacity. These are regu lar "island arc" trends that might be interpreted as a result of crystallization differentiation and fractionation in the crystal-melt system. However, these real trends of compositional evolution (Figs. 11a-11c ) are greatly different from those "virtual" trends, which form resid ual glass and glasses enclosed in minerals (Figs. 11d and  5a-5e ). According to the data of [Naumov et al., 1997] in the general case (crystallization differentiation and fractionation) correspondence between whole rock compositions and the composition of homogenized melt inclusions should be observed. We do not find such correspondences here. The "virtual" trends are much more alkaline, this is observed, for example, in compar ing trends 4c and 5a for rocks and glasses of the pre caldera edifice (Fig. 11d) . However, it must be admitted that a few points of glasses from trachybasalts of the pre caldera edifice do occur in the field of whole rock com positions. Fractionation here was probably not com pleted and a succession of change of actually observed compositions resulted from the evolution of the fluidmagmatic system, which was just complemented by fractional differentiation. As well, "virtual" trends in minerals from hawaiites, mugearites and andesite basalts (Figs. 11d, 5d , 5b, and 5c) are noted for high alkalinity, although a similar trend in minerals from one of andesite basalt (sample 157) is, in contrast, depleted in alkalies (Figs, 11d, 5e) . It is worth noting that the whole rock composition of these rocks is also of low alkalinity, but complete correspondence between real and "virtual" trends is also not observed. Therefore, the compositions of the Kekuknai massif show divergence of trends, which indicates emanation rather than crys tallization differentiation. Interestingly, a similar case of trend divergence based on the example of extrusive dac ites of Mendeleev Volcano (Kunashir Island) is explained exactly as a result of fluid-magmatic differ entiation [Bindeman and Dubik, 1990] . Since in the course of decompression evolution most melt-mobile components are lost, but simultaneously accumulated in the fluid saturated part of the system, the associated trends are called compensating trends.
Thus, here we have a stratified fluid-magmatic sys tem with a large role of fluids in the upper part and more magmatogene in the lower part (both for the system as a whole and its separate fragments, which reflect the dif ferentiation of the system in intermediate chambers). In that case the model of the formation of the Kekuknai massif may be imagined as a conveyer ("escalator") that successively supplies the material of this system to the surface. The "operation" of this "escalator" was possi bly suspended twice in intermediate chambers, when daughter magmas of hawaiite or trachybasalt composi tion separated. The relative "dehydration" of the system at the beginning of the areal volcanism stage (trachyba salt association) was most probably connected to extraction of fluid mobile components during caldera formation, as was shown in the first part of this paper [Koloskov et al., 2011] . This situation possibly repeated itself in the late stage of the system's evolution (the for mation of a mini caldera in the NE part of the region, which was already mentioned in the first part of the paper). The role of pressure (a difference in magma chambers depths) as the leading factor that determines the difference in the compositions of ascending mag mas has been repeatedly underlined both in the Russian [Koloskov, 2006] and in the foreign [Whitaker et al., 2006] literature. Some mineralogical features (the presence of vari ous microinclusions, such as olivine microdolerites, olivine pyroxenites, xenocrysts of quartz in pyroxene rims, acid plagioclase with inversion zones overfilled with apo glass microinclusions) in andesite basalts of cinder cones and more crystallized dykes and necks suggest possible hybridism or contamination of source rocks with crustal material. Now, we will try to estimate the possible effects of these processes on the total bal ance of the compositions of the Kekuknai massif. Some Yb n , Ce n are values of the respective components when normalized by their concentrations in pyrolite (primitive mantle) after [Sun and McDonougt, 1989] .
andesite basalts and mugearites of the late stage of areal volcanism bear these features of crustal contamination, but they have anomalous compositions. In general, the rocks of the areal volcanism are characterized by sub aphyric, in effect "chilling," textures indicating their rapid crystallization. The appearance of crystallized marginal zones in intermediate chambers obviously might be a serious obstacle for the formation of large volumes of hybrid rocks. Therefore, the recorded fea tures of hybridism that are not accompanied by sub stantial changes in rock compositions can only have exclusively petrologic interest.
The model of a petrologic "escalator" supposes the existence of lower levels of the structure. It is therefore necessary to solve the problem of parent melt composi tion. Neither hawaiites nor trachybasalts of the Kekuknai massif are consistent with mantle melts, although they have mantle isotope characteristics [Koloskov et al., 2011] . They have no mantle xenoliths and they are characterized by moderate concentrations of such indicator elements as Nb, Ta, Zr, and Hf, which they could lose at the early stages of evolution. Earlier [Koloskov et al., 2001] , based on studies of Kamchatka xenolith bearing volcanic rocks of the intraplate type, we supposed that initial melts for them might have high titanium magnesian basanitic compositions. A similar type of volcanic rocks with isotope characteristics close to those of the Kekuknai rocks but higher concentra tions of high field strength elements was described for western Kamchatka in the area of Mount Khukhch [Perepelov et al., 2007] . When plotted in diagrams (Fig. 11) , the average compositions of these basanites are located at the beginning of decompression trends. Therefore, we may suppose that parent melts for rock associations of the massif under discussion were similar in their compositions to the basanites of Mount Khukhch. CONCLUSIONS 1. The mineralogical composition of the rocks of the Kekuknai massif is considered in detail. The use of pre viously known and newly developed indicator proper ties of rock forming minerals allowed the reconstruc tion of the general picture of magmatic melt evolution and the conditions of rock crystallization in the Kekuknai massif (various fluid and water saturation lev els, as well as the oxidation state of the system).
2. Dominantly island arc or dominantly intraplate characteristics in rocks compositions of the massif are found at different evolutionary stages of the integrated fluid-magmatic system. The parent basanitic magma evolved through the appearance of daughter trachy basalt magmas (the pre caldera evolution stage) or hawaiite magmas (areal volcanism) in intermediate chambers.
3. The decompression evolution of these magmas and emanation-magmatic differentiation of melts together with crystallization differentiation resulted in the formation of all the diversity of the rocks of the Kekuknai massif. 4. The model of a fluid-magmatic "escalator" is suggested with three types of differentiation trends:
(1) The decompressional type, whose evolution pro ceeds along the line hawaiites-andesite basalts with low water saturation and low oxygen fugacity at the begin ning, but with an increase in these parameters when passing to the andesite basalts of cinder cones; or in direction of areal trachybasalts under conditions of the secondary "dehydration" of melts during the extraction of the fluid phase during caldera development;
(2) The compensating type, which appears parallel to the first one under conditions of high water saturation in the system and proceeds in the direction hawaiitesmugearites or trachybasalts-trachydacites and reflects the results of component redistribution during the ema nation or emanation-crystallization differentiation of melts; (3) "Virtual" trends formed by melt inclusions or residual glasses, which play an important role because they reveal the actual picture of the relationship of ema nation and crystallization differentiation in the course of the development of the volcanic massif.
